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ABSTRACT

The new N-benzoyl-N’-substituted phenyl thiourea ligands have heen used
to prepare copper{il) complexes JCu(L),Cl;]. The novel complexes were characterized by
ESR, IR, NIR, electronic spectroscopy and conductivity measurements. Ventative
geometry of the complexes involves four-coordinate envirgnments ({etrahedral distorted
) for the copper ion and a monodentate behaviour for ligands. In all these compiexes
N,N’-substituted thiourea is sulphur-bonded to the copper ion,

RESUMO

0s novos ligantes de N-benzoila-N'-substituidos por feniltio-
urea foram usados para preparar complexos os complexos Cu(L),Cl
0s mnovos complexos foram caracterizados usandos métodos de
RSE, infravermenlo, infra-vermelho proximo, espectrosc0pla ele-
tronlca e medidas de condutividade. A geometria proposta tenta-—
tivamente para os complexzos envolve ambientes tetra-coordenados
(Dz ,tetragdrico distorcido) para o Ton de cobre e comportamento
monodentado para os llgantes. Em todos os complexos a N,N'-tio-

uréia sunstituida esta ligada ao fon de cobre através do atomo
de enxzofre,.
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INTRODUCTION

A numerous series of thiourea and some N or N,N’-substituted thioureas complex with
transition metals are rteported in literature’™®, and the N-benzoyl-N’-substituted
thiocarbamides have received very little attention™. These compounds are used succesufuily
as extractive reagents”®. The coordination behaviour of these derivatives of thiourea is very
interesting due to three donor sites for the coordination: the sulfur atom of the C=3 group, the
oxygen atom of the C=0O group and the nitrogen atoms of the NHR groups. We therefore
prepared some new N-benzoyl-N'-phenvl substituted thioureas complexes with copper(il} in
order to study the coordination and stereochemistry via the synthesis ways.

The structure of the formed Cu(ll) compiexes was established via phisicochemical studies
including TR, NIR, UV-VIS, ESR spectral and conductance measurements.

EXPERIMENTAL PART

cagents of the best chemical grade were used.

The ligands N-benzoyl-N"-phenyl substituted thioureas were prepared according to the
procedure described elsewhere’. The copper(Il) complexes of the ligands L, -1 (fig. 1), may
be prepared by addition of an methanolic solution containing Z2mivi of copper(ii) chioride to
an mcthanolic suspension containing 4mM of the ligand. Tn each case the copper(ll} complex
is formed as a vellow-orange solid. The complexes are stable under atmospheric conditions
and are soluble in chloroform, DMF and partially in acetone. If an aqueous solution of the
sodium salt of the L, ligand was added to an aqueous solution of copper(ll) chioride a
[Cul.; 1,01 complex type'’ is formed.

Phisical measurements

FElemental analysis were been performed with a Carlo Erba L1108 model automatic
analyzer (C, Nj, with AAS-1N Carl Zeiss Jena spectrometer (Cu) and Mettler Toledo 355 ton
Analyzer (Cl). The electronic spectra of all compounds were obtained, n solution
{chloroform), with a SHIMADZU UV 160A spectrophotometer. The IR spectra were run with
a FT-IR BIO RAD FTS spectrophotometer in the 4000-500 cm™ and with a SPECORI) M80
Carl Zeeiss Jena spectrophotometer in the 500-250 cm”, in KBr pellets and NIR spectra with
NIR Systems spectrophotometer.. The ESR spectra of copper(!) compiexes were measured
on polycrystalline powders with VARIAN E-9. Conductivities were measured at room
temperature in dimethviformamide (DMF) with a HACH TDS-meter.

RESULTS AND DISCUSSION

Colours, analytical data and conductivity values for the complexes are given in Table
1. As outlined by the analytical data in Table 1, the composition of the compounds may be
represented as [Cu(L),Cly). The molar conductivities in DMF shows that these complexes are
non-electrolytes.

‘The structure of the ligands can be represented in a variety of ways, two containing
the tioketo group(l, II) and the other two in the thiol forms (111, IV) (fig. 1).
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Table 1. Analytical data, colours and molar conductivity for the {Cu(L),Clyjcomplexes,

Compound Colour Analysis™ Ax
C N Ci Cu
exp. calc. exp. calc, exp. calc.  exp. calc.
[CulLy)Cl] yellowpale  53.94 54.66 7.207.97 9.8010.08 8.84 9.04 395
{Cu{Ly),Cl] yellow 53.29 54.66 7.33797 %.7010.08 837 9.04 443
[Culla)Cly] yellow canar  53.90 54.66 7.137.97 9.[510.08 8§90 9.04 433
[Cu(Ls)»Clh1 yellow canar 5385 54.66 7.17797 9721008 878 904 424
[Cu(Ls):Chl vellow cream 5522 55.85 698766 9.53 970 820 869 289
[Cull)Cly] orange 44.80 4520 9.91 10.54 8.208.90 7.53 797 433
[Cu(la)Chl vellowpale  50.12 50.96 7.057.92 9321003 875 899 26.0

*The conductivity values is given in ohm ™ em”mol™.

Table 2. IR bands (cm™) of N-benzoyl-N’-substituted pheny! thioureas.

Compound V(C=0) vuym(N-C-N}  vgu(N-C-NY  W(C-8) v(C-NO2) v(C-0-CH;)
Ia 1670 1530,1506 1330 731 - -

L, 1670 1531,1523 {335 730 - -

Ly 1668  1553,1528 1350 725 - -

L, 1670 1561,1528 1350 710 - -

Ls 1668 1527,1504 1330 720 - -

Ls 1672 1523, « 1314 720 1345 1268

Ly 1668 1536,1510 1340 736 - 1270

Table 3. IR bands {cm™) of N-benzoyl-N"-substituted phenyl thicureas copper(il} complexes.

Compound V(C=0} Vyym(N-C-N) Vem(N-C-N}  w(C-8) v(C-NO;) v(C-O-CH;)
[CHL:ChL] 1670 1533 1330 685 - ;
[Cu(i)Clyl 1674 1534 1333 685 - -
[Cu(L),CL] 1671 1553 1322 685 - .
[Cu(Ls)Cl] 1670 1528 1320 668 - -
[Cu(Ls)Ch] 1666 1533 1323 686 - -
[Cu(l.4):Cl] 1681 1525 1306 684 1353 1276
[Cu(L7),ClL} 1670 1513 1353 480 - 1270

Table 4. Electronic spectra (recorded in chloroform) of L,-L, ligands and their copper(ll) complexes(em™).

Ligands Complexes
L 39200, 36650 [Cu(L1),Cl] 39400, 33000, 7680
| 39850, 37300 [Cu(iy):Cl] 39200, 37000, 6800
Ls 39200, 36300 [Cu(la),Ch] 39500, 31250, 8050
Ls 39500, 36300 [Cu(L,):Cly] 39100, 32250, 8010
Ls 39700, 35850 [Culls)Clal 3BE00, 35700, 7300
Ly 37600, 27000 [Cu(ls).Ch] 38800, 27000, 7520
Ly 39500, 36300 [CullCl] 39200, 35700, 7280
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2,3-dimethyliphenyl (L}
3,4-dimethypheny! (L,)
2 4-dimethylphenyl (Ls)
2,5-dimethylphenyl (L,)
2-ethyl-6~-methylphenyl (Ls)
2-nitro-4-methoxyphenyl (Lg)
4-methoxyphenyl (Ly)

Structure of the Ligands Used.
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The main IR bands of the ligands L-1; and their copper complexes are listed in
Tables 2 and 3.

The IR spectra of the ligands is highly complex and shows a Jarger number of bands.
We have not atlempted to make a complete analysis of the spectra; however attention has
been focused on a limited number of bands which provide considerable structural significance
in order to suggest the most probable manner of coordination of the ligand with copper(1l)
ion. It has been stated the thione group (C=8) is relatively unstable in the monomeric form
and tends to a stable C-S single bond by enethiolization, if there is at Jeast one hydrogen atom
adjacent to the C=8 bond. The IR spectra of L,-L; do not display any vibrationai (5-H) bond
near 2500 cm™ indicating that, at least, in the solid statc they remain in the thione form. The
carbonyl stretching band appears ~1670 cm’'. The position of this band is not changed in the
IR spectra of the complexes suggesting that C=0 group is not involving in coordination to the
copper ton. The characteristic absorption region of (C=S) stretching are reported in the free
thiocarbamide at 730, 1080, 1120 and 1400 cm™'. A relatively sharp band of medium intensity
appears in the spectra of Jigands at 710-730 cm™’ which most probably arises due to C=8
stretching vibrations. In the metal complexes this band disappears and another band of same
infensity appears in the range 670-685 ey’ This observation indicates the shift of ligund
v(C-8) vibration towards a lower frequency region and further aftribute the coordination of
C=S group with the copper(il} on.

In the region 15001560 cm™ there are twn strong hands, Theee twin bands can he
attributed {0 Vam(N-C-N) stretching vibrations. in ali the compiexes spectra one  of these
twin bands disappears suggesting also the participation of C=S group in coordination. In the
fur infrared, several new bands are observed in the specira of the complexes, typical of the M-
S (300-320 cm™'Y vibrations' 1

The electrome spectroscopy data for ligands and their copper complexes, in solution
(chioroform), are quoted in Table 4.

Table 4

All these derjvalives of thiourca have a strong band due to a n-» 7* transition at ca
39500 cm™ and a second > ©* at ca 36500 cm™! (except for Lg at 27000 cm™). Both of these
are found in the electronic spectra of complexes. All the electronic spectra of copper(Il)
complexes exhibits an absorbtion in the 7000-8000 cm'™' region which it may be assigned to a
’B, — ’E transition'”, comparable 10 those reported for four-coordinate complexes, distorted
tetrahedral environment (D),

Figures 2,3

The ESR spectrum obtained on polycrystalline powder at room temperature  of
[Cu(l1):Cly} is shown in Fig. 2. For the {Cul;J10} complex the ESR spectrum is shown in
Fig. 3. The ESR spectrum of [Cu(l1»Cly] complex quite different from those of the
[Cul.;H,O] which posses an octahedral tetragonal distorted geometry'®™, this compound
being prepared in different conditions (alcaline medium).

]
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Fig, 2, The ESR spectrum of {Cu(L,),CLJ complex (g = 2.2228, AH=11125G)
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Fig. 3. The ESR spectrum of the {Cul, H,0] complex {g/1.9667, g,=2.1410 and AH=111G)
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